Psychosurgery no longer consists of the infliction of frontal lobe damage by leucbtomy but has developed into the formation of accurate lesions at specific points which are functionally important in emotional activity in the posterior orbital and cingulate regions, and the phylogenetically older areas of the amygdala, the hypothalamus, hippocampus and cingulum bundle. This evolution has occupied three successive decades of leucotomy, followed by localized cortical operations leading eventually to the introduction of stereotactic surgery. Moniz (1936) had shown that the injection of alcohol into the frontal lobes could produce occasional emotional stability in seriously disturbed patients. Had this observation been followed by anatomical and physiological studies to establish the mechanisms involved before attempts were made to elaborate surgical treatment, developments would have followed a smoother course; unfortunately, although objectives had not been established, the operation of prefrontal leucotomy was devised (Moniz & Lima 1936) to sever the central core of white matter in front of the ventricle, sacrificing an area of importance in relation to personality and intelligence in an attempt to divide unknown pathways subserving emotion which were contained within it. This extensive bilateral frontal lesion caused not only damage to intellect and personality but also flattening of emotion with loss of capacity for enjoyment of work or leisure (Str6m-Olsen & Tow 1949) , owing to division of thalamofrontal pathways through which emotion enters consciousness. These defects, together with a high incidence of epilepsy and a variable mortality, led to disenchantment and by 1948 the employment of leucotomy was ending.
To restore surgical treatment to acceptability it was necessary to devise a method which would produce a reduction of tension and relief of distress whilst eliminating entirely or almost entirely the blemish to intellect and personality and the high incidence of epilepsy which had bedevilled leucotomy.
From 1950 localized operations were designed to isolate cortical areas on the convexity and in the orbital and cingulate regions. The results considered in retrospect showed that there was a prospect of producing a normalization of emotion without flattening of emotion or destruction of emotional appreciation if one avoided damage to the central white matter and concentrated upon objectives which lay in agranular cortical areas (Table 1) . Personality defects were greatest in incisions which crossed the frontal lobe in a vertical plane. Although they were most frequent in standard leucotomy, even the bimedial operation, which is practised to this day, leaves a number of lasting and troublesome defects. Operations such as restricted orbital undercutting, which do not traverse the central areas, and the anteriorly situated rostral leucotomy, leave fewer defects. It seemed desirable to avoid the thalamofrontal radiation. (Sykes & Tredgold 1964) Operations which isolated areas of agranular cortex produced good results. Cingulectomy was effective in the treatment of obsessionia illness (Lewin 1961) , and restricted orbital undercutting which isolates the agranular cortex of Area 13 and part of 14 was particularly successful in the treatment of depression (Knight & Tredgold 1955) . It seemed impossible that the isolation of so small an area of agranular cortex alone should be responsible for the beneficial effects which this operation produced, for Sykes & Tredgold (1964) had shown that the operation could set free from medical care more than half of patients suffering from previously incurable depression; nevertheless, the effect produced by isolation of agranular cortical areas was in keeping with experimental findings, for stimulation and ablation experiments had indicated the fundamental importance of agranular areas in emotional activity (Fulton 1951) .
Autonomic responses such as dilatation of the pupils, erection of the hair and changes of blood pressure (Smith 1945 , Livingston et al. 1948 could be obtained from stimulation of a continuous zone of agranular cortex extending from the anterior cingulate gyrus to the posterior orbital gyri and temporal regions. Ablation experiments confirmed the influence of these areas on emotion; excision of the anterior cingulate gyri and the posterior orbital cortex produced changes in reaction to environment with loss of fear of people, diminished aggression, quiescence and increased tameness. Ward (1948) and Whitty (1955) drew attention to the similarity between these behavioural changes and those produced by temporal lobectomy, suggesting that as far as function was concerned the anterior cingulate and the anterior temporal regions might be two parts of one mechanism. This suggested that a beneficial influence would be exercised in a seriously disturbed patient by an operation which interrupted as many connexions from these areas as possible. Fibres to or from these areas may be divided at a point of concentration beneath the caudate nucleus (Fig 1) .
My attention was directed to this area as a result of observations in some 500 cases of restricted orbital undercutting which indicated that the maximum effect was produced in the last 2 cm of the cut where it enters the subcaudate region, and I was able to state in 1959 (Knight 1960 ) that there appeared to be a concentration of fibres at this point whose division would produce adequate relief of symptoms without the necessity of cutting across the lobe in a vertical plane or disturbing fibres elsewhere in the brain. Glees et al. (1950) showed that fibres from the anterior cingulate cortex of Area 24 could be traced into the posterior orbital areas and since their stimulation gave rise to autonomic responses they must possess further hypothalamic connexions which could be divided at this site. LeGros Clark & Meyer (1950) had demonstrated projections from the posterior orbital cortex to the ventromedial hypothalamic nuclei which traverse the subcaudate region. Nauta (1961) showed that fibres from the amygdaloid nucleus pass through the adjacent substantia to the hypothalamus, and a return pathway from hypothalamus to amygdala was also confirmed (Powell et al. 1963) . Projections from the subcaudate region might also exert an influence on the emotional activity subserved by these areas.
By 1960 it seemed appropriate to utilize this area for a stereotactic operation. Stereotactic surgery consists of the formation of accurate lesions at selected points where concentrations of nerve cells or fibre pathways presenting a specific function allow some small area of anatomical destruction to produce widespread physiological effect. For such purpose the subcaudate region appeared to be ideal for not only are there the agranular cortical connexions already described but projections from the frontal cortex to the substantia innominata pass through this zone bringing the external milieu into association with the limbic system. Cortical areas of convergence have been demonstrated for fibres deriving from visual, auditory and somatic areas in the cortex of the brain (Jones 1969) . It has been suggested that the orbital cortex acts as an ultimate site of convergence within the frontal lobes for fibres derived from these areas (Jones & Powell 1970) , with further projections to the substantia innominata (Nauta 1962) . The subcaudate area therefore presents the opportunity to form a small lesion at a site of convergence far removed from the central white matter or thalamofrontal radiation which will exert widespread effect on connexions of the agranular cortex and projections to the substantia innominata.
We caused the lesion by the insertion of radioactive seeds into areas corresponding to the last 2 cm of the undercutting incision (see Fig 4) . To avoid autonomic disturbance from damage to the caudate nucleus (Knight 1943 ) radioactive yttrium (90Y) was used, as this causes necrosis only up to 2 mm from the seed's surface. Three lines of two seeds each were inserted, producing a necrotic area 2 cm long, 1 cm wide and 0.5 cm from above downwards. This small lesion yields the benefits obtained by orbital undercutting with a marked reduction of the harmful effects resulting from surgical incision. Sykes & Tredgold (1964) had shown that restricted undercutting had an epileptic risk of 10%, of whom half had recurrent seizures, a 5 % risk of personality blemish and a mortality in hypertensive subjects. The smaller stereotactic lesion had no mortality in 580 cases except for one death in which a colleague inserted seeds into the corpus striatum, producing long-term confusion, inertia and hypostatic changes. The epileptic risk was less than 1 % and in Strom-Olsen & Carlisle's (1971) review of 210 cases there was no personality change in 86 %, insignificant changes in 11.4% and moderate changes in 2.6% only, none of which was disabling.
Symptoms may be improved immediately or slow improvement may continue over a period of months during which time psychiatric supervision and rehabilitation are essential. Spontaneous improvement may occur during this period or patients may respond to drug therapy or deconditioning techniques which were unsuccessful before. The final result cannot be foretold for a long period. A slow recovery is more common in patients with hysterical or hyperchondriacal symptoms superimposed on a depressive illness, or in those with inferiority feelings; and it is important to observe that when these features are superimposed upon depression they do not constitute a contraindication to operation. Improvement may continue slowly over a period of two years and hence it is essential that if an accurate analysis of results is to be obtained one must rigidly avoid the temptation of trying too soon to do something further in patients who are slow to respond.
This atraumatic operation may be performed in old patients in poor physical condition, including geriatric patients suffering from hypertension, Fig 2 Pre-andpost-operativephotographs ofa patient aged 75 with a forty-year history of depression who, before operation, was almost mute with depressive stupor. She occasionally begged God to take her and when questioned would state that everything looked black and people were dead. Three months after operation she was living a normal life as a happy village grandmother, enjoying reading and looking after children heart failure and pulmonary disease. Many have been relieved of depression (Fig 2) , the oldest a doctor aged 86. An immediate reduction in drug requirement is observed in all cases and hence we have used the operation to relieve addiction in patients taking barbiturates or alcohol to escape difficult situations, with some satisfactory results. All the patients treated had previously received prolonged psychiatric treatment without benefit. Depression was particularly favourably influenced in over 70 % of cases.
In Strom-Olsen & Carlisle's (1971) review, psychiatric grading is expressed as: Group 1, completely recovered. Group 2, improved, no treatment required, slight residual symptoms. The patients in Groups 1 and 2 are therefore regarded as free of medical care. Group 3, improved but still needing treatment for some persistent symptoms. Group 4, unchanged. Group 5, worse. Of 150 cases, 45 were examples ofrecurrent depression. Of these, 20 were in Group 1 and 5 in Group 2; thus over 55 % were free of medical care. A further 12 cases were improved but still required treatment (Group 3), and only 8 were unchanged. In involutional depression 5 out of every 6 cases did well. In other types of depression which included those in which the condition was chronic, sometimes associated with mild paranoid ideas and severe hypochondriasis, half became free of medical care. In anxiety states the results were not so good. Nineteen out of 46 (41 %) became free of medical care, and 11 cases (25 %) were improved.
In this series there were 20 cases of obsessional neurosis; half became free of medical care and a further 15 % were improved. Patients who were in Groups 2 and 3 showed marked lessening of tension and all were free of depression although their compulsions were still present to a diminished extent. Two of the patients in Group 4 had had previous unsuccessful surgical treatment by leucotomy or rostral leucotomy. The only case in their series who appeared to be worse after operation was a woman whose illness was of thirty years duration; after operation she developed, in addition to her hand-washing mania, compulsions to wash her arms, face and feet excessively. This patient should really be regarded as an incurable, for eleven months later bilateral cingulectomy was performed with only marginal improvement.
Of 136 cases reported by Strom-Olsen & Carlisle (1971) only one had a full working capacity before operation, 72 were partially employed, working either part-time or full-time doing obviously substandard work, 28 were selfoccupied and 35 did nothing at all. After operation there was a striking improvement: 72 had a full working capacity, 31 partial, 18 were selfoccupied, and only 15 did nothing at all. Of the 136 cases, none of whom had had full enjoyment of pleasure before operation, 74 obtained full enjoyment, 32 partial enjoyment, and in 30 lack of enjoyment persisted. Since these ratings reflect social recovery, the results are satisfactory. (23). Arrows indicate return pathway from posterior cingulate region to retrosplenial area. Connexionsfrom the anterior cingulate Area 24 to Area 14 andfrom the amygdaloid nucleus (Amy,) to the substantia, and the thalamofrontal pathwayfrom the thalamus (M) to frontal cortex are also indicated Much of the work concerning operations on the amygdala, hippocampus, hypothalamus and cingulum bundle is concerned with the control of violent behaviour and it is reasonable that this should be so for this is a phylogenetically older area of the brain which might be expected to influence primitive reactions. Bilateral destruction of the amygdaloid nucleus has been employed by Narabayashi et al. (1963) and by Turner (1963) for the severely disturbed behaviour accompanying postencephalitic states and bilateral temporal lobe epilepsy. Vernaet & Madsen (1970) have obtained improvement in 11 of 13 patients with chronic schizophrenia in whom aggressive destructive behaviour was a prominent feature. In 2 patients in whom frequent selfmutilitation had continued, this was cured by a second operation in the subcaudate region. Japanese authors (Sano 1962 , 1966 ) have found that bilateral coagulation in the hypothalamus lateral to the wall of the third ventricle, and lesions in the hippocampus, the anterior nucleus of thalamus and the cingulum bundle all produce a calming effect in violent and aggressive patients, thus providing confirmation of Papez's original hypothesis (1937) that the hippocampus, the hypothalamus and the cingulate gyrus formed a probable anatomical substratum of the emotions (Fig 3) .
The role of stereotactic surgery as a substitute for cingulectomy has not yet been fully analysed. Cingulectomy has produced some excellent effects in patients suffering from violent and compulsive behaviour. Le Beau (1952, 1954) obtained the best results in cases of intractable irritability, aggressiveness, violence and agitation, and I have myself observed great benefit in those disturbers of the mental hospitals such as chronic window breakers and wrist slashers, elderly catatonic females with compulsions to strangle others of similar age, and one remarkably agile schizophrenic boy whose favourite occupation was to fall into his bed, roll up his knees and kick out the front teeth of any person unwise enough to get close to him. Lewin (1961) reported significant improvement in obsessional neurosis, but in this open operation the anterior part of the cingulate cortex is sucked out bilaterally, removing the major part of Area 24 to a depth of 1 cm, which involves the subjacent cingulum bundle, and sufficiently far posteriorly to destroy fibres entering the cingulate region from the anterior limb of the internal capsule. It may not be possible to produce an equivalent lesion from a small stereotactic lesion which does not involve so wide an area.
American authors have designed operations of cingulumotomy in which the cingulum bundle, a bundle of intercortical connexions situated 1.3 cm from the midline, is destroyed by electrocoagulation. The cingulum conveys fibres from the inner and medial parts of the frontal lobes posteriorly to the retrosplenial areas from which fibres return to the hippocampus; it also contains fibres from the anterior nucleus of the thalamus which pass to the cingulum anterior to the genu of the corpus callosum or more directly to join it further back. In the rat, fibres to the cingulate cortex are more numerous in its anterior and medial portions whereas posteriorly directed fibres become more numerous in the lateral and posterior parts (McLardy 1971) . Interruption of posteriorly directed fibres undoubtedly contributes to the calming effects obtained but in operations of cingulumotomy other connexions may also be involved. All have been performed within Area 24 which contains the agranular cortex. Ballantine forms a lesion 3-4 cm behind the tip of the anterior horn where fibres entering through the internal capsule may be involved. He reports 40 cases, of whom 10 were failures, 22 were usefully improved and 8 were symptom free; his series contains some good examples of depression and psychoneurosis (Ballantine et al. 1967) . Hunter Brown & Lighthill (1968) claim a high proportion of success from lesions in the lower rostral portion of Area 24 in a position to interrupt intercortical relays to the posterior orbital region and also possibly transcallosal cingulostriate connexions which Laitinen (1972) regards as important in the relief of anxiety, fear and tension, but not depression. Since connexions to the cingulate cortex may be involved, we have used a linear lesion which will interrupt afferent fibres to the cingulate cortex entering through the internal capsule as well as affecting the cingulum bundle, and have obtained marked improvement in patients with severe phobic anxiety in whom an initial subcaudate operation had been ineffectual (Fig 4) . Complete relief has been obtained in a patient suffering from phobic anxiety of ten years duration who has returned to her nursing career, and another case has been similarly improved. In one patient obsessional rumination over guilt feelings persisted despite relief of depression by stereotactic tractotomy; these obsessional symptoms were relieved by an additional lesion in the cingulum.
Subcaudate operations can relieve many cases of obsessional illness associated with depression but have been unsuccessful in relieving pure obsessional neurosis of early onset, nor has any better effect been produced by interruption of fibres from the internal capsule and destruction of the cingulum bundle in obsessional handwashing of early onset. In our view, the failure of operations in these early cases is determined by the character of the illness, for obsessional neurosis of early onset without depression is notoriously difficult to cure by any operative procedure.
Finally, with regard to research I suggest that surgical lesions should never be increased in size too soon or be followed too quickly by operations in other areas in cases which have failed to show an initial response. Time must be allowed for accurate assessment. It is important to persevere in producing accurate lesions time and again in the same areas so that prolonged pre-and postoperative study of groups of patients may reveal differences in response in different clinical subcategories; in this way surgery may provide not only a useful form of therapy but may contribute to a proper understanding of variations which undoubtedly exist within major diagnostic categories.
Dr P K Bridges (Psychosurgery Unit, Regional Neurosurgical Centre, Brook General Hospital, London SE18) Psychosurgery Today: Psychiatric Aspects A leading article in the British Medical Journal (1971) reviewed some lately published studies on the results of psychosurgery and concluded that the assessment of these operations leaves us 'in a state of uncertainty'. The writer suggested that the way out of the dilemma might be for the Royal Colleges of Psychiatrists and of Surgeons to arrange a prospective controlled trial. This would, of course, be desirable but the problems involved in the formulation of such an investigation are formidable. Quite apart from decisions about the types of operation to be included, assigning patients to the modes of treatment, and the diagnostic and historical comparison of patients, there is the problem of the complexity of attitudes involved in the referral of a patient for psychosurgery. As the leading article pointed out, 'a certain rigid extremity of opinion can be predicted' in the present ambivalent climate, both clinical and popular, regarding psychosurgery.
The attitudes, positive or negative, to be considered include those of the patient, his psychiatrist, his general practitioner and his relatives. Any one of these may object strongly to the suggestion of a brain operation and attempt to veto the possibility put forward by one of the others. It should be realized that psychiatrists are not the only original source of referral and sometimes the initiative comes from others. For example, in a series to be considered later, 3 of the 50 cases reviewed came directly from family doctors. This is not accepted as the most satisfactory mode of referral but there were in each of these cases special reasons for it. An example was a young woman with a long history of unsuccessful attempts at psychiatric treatment at a number of different hospitals. This had produced desperation in the patient who refused to see another psychiatrist, and she was with difficulty supported by her general practitioner for a long period before he came to think that operation might be of value and referred the patient for assessment.
Several of our patients have referred themselves in various ways, probably not all at a conscious level. One young man wrote directly to the Unit askilng for the operation, which he had seen mentioned in a publication, and he was referred back to the psychiatrist looking after him who then felt that an assessment was appropriate. Another man with chronic and quite severe social anxieties prematurely ended all attempts at psychiatric treatment, including medication,
